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@ Overheating detection circuit for detecting overheating of a power device. 



@ An arrangement for detecting overheating of a 
power integrated circuit includes a power device 
integrated in a semiconductor substrate (11) and an 
overheating detection circuit. The overheating detec- 
tion circuit includes a reverse biased pn junction (13, 
16) formed in the same semiconductor substrate 
(11) as the power device and having a reverse 
leakage current flow which is temperature depen- 
dent, and a voltage converter (2) formed in the same 
semiconductor substrate (11) as the power device 
and coupled to the pn junction (13, 16) for producing 
a voltage proportional to the reverse leakage current 
flow. A threshold circuit is connected for receiving 
the proportional voltage and producing a signal when 
the proportional voltage exceeds a threshold voltage 
(Vth) to indicate that the power device is overheated. 
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The present invention relates to an overheating 
detection circuit which is formed in the sanne semi- 
conductor substrate as that of a power device in a 
power controlling integrated circuit (power IC), and 
which can detect an abnormal temperature of the 
power device. 

A power IC includes a control region having a 
logic region and a power device which are formed 
In the same substrate. Because a power IC is used 
with high voltages and large currents, an abrupt 
increase in the consumption of electric power caus- 
ed by an abrupt change in a load connected to the 
device or a shortcircuiting of the load can result in 
large currents in excess of the rated current flowing 
through the device, thereby creating a danger that 
the device will become excessively heated and. in 
an extreme case, that the device will be destroyed. 
To protect a power device against such thermal 
destruction, the temperature of the power device is 
constantly monitored and, when the temperature of 
the device exceeds a predetermined temperature 
or an overheating of the device is detected, some 
protective action is taken, for example, the power 
IC is turned-off. 

In monitoring a power device, it is preferable to 
fabricate an overheating detection circuit including 
a temperature sensor into a substrate in which the 
power device is formed in order to Improve tem- 
perature sensitivity and to simplify the circuit ar- 
rangement. Typically, however, discrete elements 
have been used for forming a circuit which inter- 
rupts operation of a power device upon detection of 
eddy currents or an overheating of the power de- 
vice. In this connection, a thermal sensor using a 
bipolar transistor as a thermo-sensitive sensor is 
described in E. Habekotte', Bull. ASE/UCS 76 
(1985) 5, 9mars. pp. 272-276. 

Fig. 1 illustrates a circuit arrangement of an 
overheating detection circuit of the prior art which 
uses the thermal sensor described in the above- 
cited reference- As shown in Fig. 1, a bipolar 
transistor 91. operating as a thermal sensor, is 
inserted into a feedback loop of an operational 
amplifier 92. An external constant current source 
(not shown) supplies a collector current IC to the 
transistor 91. Operational amplifier 92 produces an 
output voltage Vi , which is equal in amplitude but 
of reverse polarity to a base-emitter voltage Vbe of 
transistor 91. As shown in Rg. 2, the base-emitter 
voltage Vbe varies linearly with and is inversely 
proportional to temperature T. By properly am- 
plifying the output voltage Vi of the operational 
amplifier 92 by another operational amplifier 94, an 
output voltage Vout which varies linearly with re- 
spect to temperature T can be obtained. 

A feature of the above thermal sensor is that 
the output voltage Vout varies linearly with respect 
to change in temperature, and that little error exists 



over a broad range of temperature change. How- 
ever, when the thermal sensor Is assembled with a 
power I C as an overheating detection circuit, var- 
ious problems are encountered. Because the circuit 

5 of Fig. 1 uses a constant current circuit with less 
temperature dependency and a comparator for 
comparison with the output voltage Vout. a rela- 
tively large amount of circuitry is required for the 
thermal sensor. Further, it is necessary to minimize 

10 the temperature dependency of the operational am- 
plifiers 92 and 94, as well as a reference voltage 
source Vref. Otherwise, an error arising from the 
large temperature dependency of each of these 
components will adversely influence the detected 

75 temperature. To remove the adverse Influence, 
most of the circuitry except the bipolar transistor 
91 is fabricated and contained in a separate pack- 
age which is placed at a location such that it is not 
influenced by the temperature of the power IC. 

20 Accordingly, when fabricating the overheating de- 
tection circuit in a power IC package, it Is neces- 
sary to solve the problems associated with the 
substrate temperature and the increased size of the 
circuit. 

25 The conventional thermal sensor provides an 

output signal which varies linearly over a broad 
range of temperature changes. To the contrary, the 
conventional overheating detection circuit is de- 
signed such that when the temperature of a power 

30 device reaches approximately 150 '-ISO* C. it de- 
termines that the device temperature has reached 
an overheating temperature, and produces an out- 
put signal. Therefore, the overheating detection cir- 
cuit must produce an output signal which must 

35 vary greatly in accordance with a relatively small 
temperature range. Thus, the performance require- 
ments of the conventional thermal sensor and over- 
heating detection circuit are quite different from 
each other. 

40 Accordingly, an object of the present invention 

is to provide an overheating detection circuit com- 
prising a simple circuit construction which is 
formed in the same substrate as that of a power 
device, and which can produce a large output 

45 signal in response to a detection of a temperature 
within a range of detection temperatures. To ac- 
complish the above object, according to a first 
aspect of the present invention, an overheating 
detection arrangement for detecting overheating of 

50 a power IC is provided which includes a power 
device integrated in a semiconductor substrate; 
and an overheating detection circuit comprising: a 
reverse biased pn junction formed in the same 
semiconductor substrate as the power device and 

55 having a reverse leakage current flow which is 
temperature dependent; voltage means formed in 
the same semiconductor substrate as the power 
device and coupled to the pn junction for produc- 
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ing a voltage proportional to the reverse leakage 
current flow; and threshold means connected to the 
overheating detection circuit for receiving the pro- 
portional voltage and producing a signal when the 
proportional voltage exceeds a threshold voltage to 
indicate that the power device is overheated. 

According to a second aspect of the present 
invention, the above object can also be achieved 
by providing an overheating detection arrangement 
for detecting overheating of a power IC which in- 
cludes a power device integrated in a semiconduc- 
tor substrate: and an overheating detection circuit 
comprising: first and second temperature detecting 
circuits, the first temperature detecting circuit hav- 
ing a first temperature threshold and the second 
temperature detecting circuit having a second tem- 
perature threshold lower than the first temperature 
threshold, each of the first and second temperature 
detecting circuits including: a reverse biased pn 
junction formed in the same substrate as the power 
device and having a reverse leakage current flow 
which is temperature dependent; voltage means 
formed in the same substrate as the power device 
and coupled to the pn junction for producing a 
voltage proportional to the reverse leakage current 
flow; and threshold means connected to the voltage 
means for receiving the proportional voltage and 
producing a signal when the proportional voltage 
exceeds a threshold voltage corresponding to the 
respective threshold temperature; and hysteresis 
means receiving the signals produced by the re- 
spective threshold means of the first and second 
temperature detecting circuits for producing an 
overheating signal in response to the signal from 
the threshold means of the first temperature detect- 
ing circuit indicating that the power device is over- 
heated and continuing to produce the overheating 
signal until the signal produced by the threshold 
means of the second temperature detecting circuit 
is discontinued. 

The voltage means employed in the first and 
second aspects of the present invention as de- 
scribed above preferably comprises, a depletion 
type MOSFET (metal oxide semiconductor field 
effect transistor), a resistance layer, or an enhance- 
ment type MOSFET connected to high electric 
potential. 

The reverse leakage current flowing in the re- 
verse biased junction means increases along with 
an increase in temperature of the substrate where 
the overheating detection circuit and the power 
device are formed. The leakage current is con- 
verted into a proportional voltage by the voltage 
means. The converted voltage signal is checked to 
determine whether it is within the overheating tem- 
perature range by using the signal means having a 
threshold value. When the voltage signal reaches 
the overheating temperature range, the threshold 



means, preferably in the form of a comparator 
having a threshold voltage at one input with the 
proportional voltage at the other input, produces 
output (one value of a two-value signal) indicative 

5 of overheating. A protective measure against ther- 
mal destruction of the power device can then be 
taken, for example, a load connected to the power 
IC can be disconnected in accordance with the 
output of the comparator. 

10 The overheating detection circuit of the present 

invention is formed with the logic region in the 
control region of the power IC and is thus in the 
same substrate as that of the power device. Var- 
ious techniques are available to prevent a mutual 

75 interaction between the control region and the pow- 
er device. Including, for example, a dielectric isola- 
tion method utilizing insulation film, a junction Isola- 
tion method utilizing a pn junction and a self- 
isolation method utilizing the pn junction of the 

20 device itself in which the device is controlled by 
the gate isolated with the substrate. The self-isola- 
tion method is preferred for reasons of economy. 
The above and other objects, effects, features and 
advantages of the present invention will become 

25 more apparent from the following description of 
embodiments thereof taken in conjunction with the 
accompanying drawings. 

Further advantages of the invention will be ap- 
parent from a reading of the following description in 

30 conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a circuit diagram showing a conven- 
tional overheating detection circuit; 
Fig. 2 is a graph showing Vbe versus tempera- 
35 ture characteristic curves useful for explaining 
the principle of the conventional overheating de- 
tection circuit of Fig. 1 ; 

Rg. 3 is a cross-sectional view of an integrated 
circuit illustrating the junction structure of a first 
40 embodiment of an overheating detection circuit 
according to a first aspect of the present inven- 
tion; 

Fig. 4 is a cross-sectional view of a power 
device comprising a metal oxide silicon field 

45 effect transistor which is formed in the same 
semiconducting substrate as that of Fig. 3; 
Fig. 5 is a circuit diagram of the first embodi- 
ment using the overheating detection circuit 
shown in Fig. 3; 

50 Fig. 6 is a graphical representation of variations 
of the reverse leakage current of the pn junction 
versus voltage at different temperatures, and 
variations of the current of the MOSFET versus 
voltage useful in explaining an operation of the 

55 circuit shown in Fig. 5; 

Fig. 7 is a graphical representation of variations 
of a doping concentration of the p + type layer 
of the pn junction versus error in detected tem- 
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off in accordance with the output of the compara- 
tor. 

Fig. 5 is a circuit diagram formed by utilizing 
the semiconductor structure shown in Fig. 3, and 
the same components as those in Fig. 3 are in- 
dicated by the same reference numerals. The di- 
ode 1 consisting of the p+ type region 13 and the 
n+ type region 16 is connected to the depletion 
type MOSFET 2 having the n+ type region 17 as 
source, the n+ type region 18 as drain and the 
gate electrode 22 in series. The mid-point between 
the diode 1 and the MOSFET 2 is connected to 
one input of a comparator 5 which has a threshold 
voltage V,h at its other input. 

Next, the operation of the overheating detection 
circuit shown in Fig. 5 will be described with refer- 
ence to Fig. 6. In Fig. 6, curve 40 depicts a 
variation of the current of the MOSFET 2 with 
respect to the electric potential Vc at the mid point 
between mode 1 and MOSFET 2. The variation of 
the current of MOSFET 2 is dependent on the form 
of MOSFET 2 or the concentration of the n- type 
region 15. Curves 41. 42. 43, 44. 45 and 46 depict 
a variation of the reverse leakage current of diode 
1 with respect to variations of temperature from T1 
to T6. The reverse leakage current varies depend- 
ing on exp(-1/T), and is increased along with the 
increase in temperature. Fox example, the reverse 
leakage current, which is 50 x 10"^^ A at 15* C. 
increases to 200 nA at 1 75 * C. The reverse leakage 
current also varies depending on the pn junction 
area. The electric potential Vc is determined by 
points where the curve 40 intersects the curves 41- 
46 at the respective temperatures, so that for ex- 
ample the voltage Vc is at ^/^ at temperature T1 
and varies to Vg at T5. Comparator 5, having a 
threshold voltage Vth, produces a detecting signal 
Vout having one value when the electric potential 
Vc is lower than the threshold voltage V^h, and a 
second value when Vc exceeds the threshold volt- 
age. Therefore, if a control signal derived from the 
detecting signal Vout is input to the gate electrode 
of the power device shown in Fig. 4 through a logic 
circuit (not shown) determining a priority between 
the control signal and the driving signal of the 
power device, the power IC can be protected from 
thermal destruction. 

As mentioned above, since the electric poten- 
tial of the output terminal Vd of the power circuit is 
changed by the ON-OFF switching of the MOSFET 
(Fig. 4), errors occur in the detected temperature 
due to the output voltage potential. That is, the 
temperature tends to be detected lower than the 
real temperature when the output voltage is near 
GND potential by turning ON of the MOSFET. This 
is caused by the current amplification of the para- 
sitic transistor formed by n+ type region 16. p + 
type region 13 and n- type layer 12. 



Fig. 7 is a curve showing the development of 
the error in the detected temperature as a function 
of concentration of the impurities. As seen, the 
error in the detected temperature can be sup- 

5 pressed if the parasitic transistor hpE is suppressed 
by increasing the concentration of p+ type layer 
13. Although it depends on the design of the con- 
trolling circuit for the power device, a practical 
overheating detection circuit can be obtained by 

10 increasing the concentration of p+ type layer 13. 
which Is on the side of the low impurity concentra- 
tion layer of the pn junction, to not less than about 
5 X 10^%m2, preferably about 3 x lO^^/cm^. 

As shown in Fig. 8. the overheating detection 

75 circuit according to a second aspect of the present 
invention comprises a first detecting circuit 61 and 
a second detecting circuit 62 each having circuit 
arrangements resembling that of the first aspect of 
the invention (e.g.. Fig. 3), and a hysteresis circuit 

20 63 for receiving output signals Vn and V12 of the 
first and second detecting circuits 61 and 62. Diode 
1 and FET 2 of detecting circuit 61 and diode 3 
and FET 2 of detecting circuit 62 are formed in the 
same semiconducting substrate as that of the pow- 

25 er device shown in Fig. 4. Comparator 5 in each 
detecting circuit 61, 62 may be integrated in the 
same substrate if desired. The hysteresis circuit 63 
comprises an inverter 51 for inverting the output 
signal V12 of the first detecting circuit 61. and 

30 NAND gates 52 and 53 coupled with each other in 
a feedback manner. The NAND gates 52 and 53 
receive the output signal Vi 1 of the second detect- 
ing circuit 62 as a reset signal, respectively, and 
output a composite signal Vx and an inverted signal 

35 Vx, respectively. In the circuit arrangement of Fig. 
8. a difference of the detecting temperatures be- 
tween the detecting circuits 61 and 62 is set by 
properly selecting a junction area of the pn junc- 
tions 1 and 3. For instance, if the ratio of the 

40 junction area of the diode 1 to that of the diode 3 Is 
1:4 to 1:5, a temperature difference is produced 
between the first detecting circuit 61 having the 
detection temperature of 180'c and the second 
detecting circuit 62 having the detection tempera- 

45 tureof155*C. 

An operation of the overheating detection cir- 
cuit shown in Fig. 8 will now be described. A 
threshold voltage of comparator 5 in the first and 
second detecting circuits 61 and 62. respectively is 

50 set to a value corresponding to an overheating 
detection temperature. The junction area of diode 3 
in second detecting circuit 62 is larger than the 
junction area of diode 1 in first detecting circuit 61 
such that detecting temperature T2 of the second 

55 detecting circuit 62 is proportionally lower than that 
of the first detecting circuit 61. The temperature 
rises, passing through threshold temperature T2. 
and reaches the overheating detection temperature 
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T1 of the first detecting circuit 61. The inverter 51 
changes the logic state of its output signal from 
logic "1" to logic "0". The NAND gates 52 and 53. 
when receiving the output of inverter 51 at the set 
terminal, change logical states of the output signals 6 
such that the output signal Vx is set to logic "1" 
and the signal Vx is set to logic "0". The changed 
logic states of the output signals Vx and Vx of the 
NAND gates 52 and 53 are maintained even at the 
point where the temperature Is below the detection io 
temperature within the difference AT (T1-T2). and 
the output signal Vio of the inverter 51 changes its 
logic state. Next, the temperature drops to the 
detection temperature T2 of the second detector 
62. The second detector 62 detects this and 75 
changes the logic state of its output signal to logic 
"1". At this time, the output signal Vx goes low 
(logic "0"). and the inverted output signal Vx goes 
high. Then, the hysteresis circuit 63 is again placed 
in the reset state. 20 

As described above, in the overheating detec- 
tion circuit of Fig. 8, the two temperature detectors 
61 and 62 have the two detection temperatures T1 
and T2, respectively; and therefore, the preset tem- 
perature difference AT is provided. The hysteresis 25 
circuit 63 performs a hysteresis operation on the 
basis of the temperature difference AT. Therefore, 
irregular and short period variations in the tempera- 
ture T of the power device due to a variation of the 
load at temperatures near the overheating detection 30 
temperature, can be ignored as temperature noise. 
This fact Implies that in an overheating state, the 
power device can be stably held in the off state in 
accordance with the output signal Vx and the in- 
verted output signal Vx. With this reference, ad- 35 
verse effects due to unnecessary protection oper- 
ations on the load circuit, and electromagnetic 
noise can be reduced. The resultant overheating 
protection function is reliable. 

Fig. 9 is a cross-sectional view showing a 40 
semiconducting substrate where the overheating 
detection circuit according to a first embodiment of 
the present invention is intended to be formed in 
the same semiconductor substrate as that of a 
power device (not shown) comprising an insulated 45 
gate field effect transistor (IGBT. IGT or COMFET). 
In this embodiment, although the p+ type sub- 
strate 10 is utilized instead of the n+ type sub- 
strate 1 1 in Fig. 3, the diode consisting of p + type 
region 13 and n- type layer 12 as well as the so 
MOSFET consisting of n- type region 15, n+ type 
region 17, 18 and the gate electrode 22 can be 
manufactured through the same process steps as 
in Fig. 3. In addition, the embodiments of the 
present invention shown in Fig. 3 and Fig. 9 can be 55 
applied to a p channel insulated gate type power 
device with reversed conductive type. In that case. 
GND is changed to maximum electric potential. 



As an alternative to the embodiments in which 
a depletion type MOSFET is utilized as the voltage 
conversion means, a resistance or an enhancement 
type MOSFET may be utilized as the voltage con- 
version means. In this case, since an n- type layer. 
n+ type layer or polycrystalline silicon layer are 
utilized as the resistance, they can be manufac- 
tured through similar process steps as in the deple- 
tion type MOSFET shown in Rg. 3. 

Rg. 10 and Fig. 11 are cross-sectional views 
showing a semiconducting substrate where the 
overheating detection circuit according to another 
embodiment of the present invention is formed in 
the same semiconductor substrate as that of the 
MOSFET shown in Fig. 4. 

Rg. 10 is a second embodiment of the first 
aspect of the invention where a diffusion resistance 
layer is utilized as the voltage means of the 
present invention. The overheating detection circuit 
according to the embodiment is formed in the 
same semiconducting substrate as that of the pow- 
er device as shown in Fig. 4. Figure 10, p+ type 
diffused region 13, p- type diffused region 14..n- or 
n+ type diffused resistance region 121 and n+ • 
diffused region 16 are formed in a surface of an n- 
type epitaxial layer 12 formed on an n+ type 
substrate 11. Insulating films 25. 26, 27, 28 and 29 
are a protective film for exposed junctions on the 
surface of the substrate and provide insulation be- 
tween the diffused regions. An electrode 31 con- 
nected to GND terminal contacts the p+ type 
diffused region 13 through a contacting hold 31 A. 
The electrode 31 is electrically connected to the p- 
type diffused region 14 through the p+ type dif- 
fused region 13. An electrode 32 forms a connec- 
tion between the n+ type diffused area 16, the 
diffused resistance region 121 and a Vc terminal 
and an electrode 33 forms a connection between 
diffused resistance region 121 and a Vdd terminal. 
These electrodes 31 , 32 and 33 are made of metal. 
A metallic drain electrode 34 contacts the n+ type 
substrate 1 1 and is connected to an output terminal 
Vd on the opposite side of substrate 1 1 . 

Fig. 11 is a third embodiment of the first as- 
pect of the present invention where a polycrystal- 
line silicon resistance layer Is utilized as the volt- 
age means of the present invention. This third 
embodiment mainly differs from the second em- 
bodiment shown in Fig. 10 in that the polycrystal- 
line silicon resistance layer 122 contacting elec- 
trodes 32 and 33 is provided on p- diffusion region 
14 through an Insulating film 280 instead of the 
diffusion resistance layer 121 in Fig. 10. In Fig. 10 
and Fig. 11, a pn junction consisting of the p + 
diffusion region 13 and n+ diffusion region 16 is 
equivalent to the reversely biased pn junction of 
the present invention. 

Fig. 12 is a circuit diagram formed by utilizing 
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the integrated circuit construction shown in Fig. 10 
and Fig. 1 1 , and the same components as those in 
Fig. 10 and Fig. 11, are indicated by the same 
reference numerals. The diode 1 consisting of the 
p+ type region 13 and the n+ type region 16 is 
connected to the resistance layers 121, 122 having 
the electrode 32 at one end and the electrode 33 at 
another end in series. The mid-point between the 
diode and the resistance layer is connected to 
comparator 5 which may be implemented, for ex- 
ample, by a field effect transistor in a known man- 
ner. 

Fig. 13 is a cross section of an integrated 
circuit which shows a fourth embodiment of the 
first aspect of the invention wherein an enhance- 
ment type MOSFET is utilized as the voltage 
means of the present invention. The overheating 
detection circuit according to this embodiment is 
formed in the same semiconducting substrate as 
that of the power device shown in Fig. 4. 

Fig. 14 is a circuit schematic of the integrated 
circuit of Fig. 13 and corresponds to the circuit of 
Fig. 3 wherein a p+ type diffused region 13, a p- 
type diffused region 14 and n+ diffused region 16, 
17 and 18 are formed in a surface of an n- type 
epitaxial layer 12 on an n+ type substrate 11. A 
gate electrode 22 is formed on the surface be- 
tween the n+ type diffused regions 17 and 18 
through an insulating film 21 of polycrystalline sili- 
con. Insulating films 25, 26, 27, 28 and 29 form a 
protective film for exposed junctions on the surface 
of the substrate and provide insulation between the 
diffused regions. An electrode 31 connected to 
GND terminal contacts the p+ type diffused region 
13 through a contacting hole 31 A. The electrode 31 
is electrically connected to the p- type diffused 
region 14 through the p+ type diffused region 13. 
An electrode 32 forms a connection between the 
n+ type diffused areas 16 and 17 and a Vc termi- 
nal, and an electrode 33 forms a connection be- 
tween the n + diffused region 1 8, the gate elec- 
trode 22 and a Vdd terminal. These electrodes 31 , 
32 and 33 are made of metal. A metallic drain 
electrode 34 contact the n + type substrate 1 1 and 
is connected to an output terminal Vp on the op- 
posite side of substrate 1 1 . The junction means of 
the present invention is constituted of the p + type 
region 13 and the n+ type region 16 and the 
enhancement type MOSFET as the voltage means 
of the present invention is constituted by the n + 
type diffusion regions 17. 18 and electrode 22. 

As mentioned above, the resistance or the en- 
hancement type MOSFET shown in Fig. 10, Fig. 11 
and Fig. 13 can be utilized as the voltage means 
instead of the depletion type MOSFET shown in 
Fig. 3. Although, by increasing the impurity con- 
centration to not less than about 5 x lO^^m^, 
preferably 3 x lO'^/cm^, on the side of the low 



impurity concentration layer in the pn junction, the 
errors in the detected temperature can be sup- 
pressed while the power device is turning ON, 
there is a disadvantage in that any variation in 

5 voltage Vdd will cause the detected temperature to 
include errors. However, there are some advan- 
tages over the first embodiment from the view 
point of lower cost in that, for example, the process 
for accumulating a polycrystalline silicon to form 

10 the gate electrode 22 is omitted according to the 
second embodiment shown in Fig. 10 and the 
process for forming on n-type diffusion layer is 
omitted according to the third and forth embodi- 
ments shown in Fig. 11 and Fig. 13, respectively. 

75 The embodiments are thus selected depending on 
the purpose. 

As seen from the foregoing description, in an 
overheating detection circuit according to the 
present invention, a reverse leakage current of a 

20 reversely biased pn junction is converted into a 
potential drop proportional to the reverse leakage 
current by a voltage means. The potential drop is 
converted into a corresponding 2-value signal by 
the threshold means such as a comparator with a 

25 threshold value. The overheating detection circuit 
thus described is formed in a substrate in which a 
power device is also formed. By utilizing a larger 
temperature dependency of the reverse leakage 
current of the pn junction diode and the static 

30 characteristics of a depletion type MOSFET, a sig- 
nal corresponding to a temperature change of the 
power device can be converted into a large voltage 
change. Therefore, a temperature detection of the 
overheating detection circuit is very sensitive par- 

36 ticularly in the temperature range of 150* C - 
180*0. In addition, since the overheating detection 
circuit and the power device are formed in the 
same substrate in the same step, a small, inexpen- 
sive power 10 including an overheating detection 

40 circuit is provided. 

In a further aspect of the invention, there is 
provided an overheating detection circuit compris- 
ing two detectors, each having a distinct detection 
temperature and a hysteresis circuit. Irregular and 

45 short period variations in the temperature of the 
power device due to a variation of the load at a 
temperature near the overheating detection tem- 
perature can be ignored as temperature noise if the 
temperature difference AT between the different 

50 detection temperatures is appropriately selected. 
Therefore, adverse effects due to unnecessary rep- 
etition of the protection operation, as well as elec- 
tromagnetic noise caused by it can be eliminated. 
When an overheating temperature of a power de- 

55 vice is detected, the operation of the power device 
is stopped and its restart is prohibited until it is 
confirmed that the overheating temperature drops 
to a temperature in a safety region which is below 
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the lower end of the AT temperature range. There- 
fore, there is provided an overheating protection 
circuit which is stably, reliably, and safety operable. 

In addition, by increasing the impurity con- 
centration to not less than about 5 x 10^ ^/cm^ on 
the side of the low impurity concentration layer in 
the pn junction, the errors for the detected tem- 
perature can be suppressed white the power de- 
vice is turning ON. 



3. The arrangement as claimed in claim 1 , 

characterized in that said voltage means com- 
prises a depletion-type MOSFET connected for 



receiving a constant current. 

4. The arrangement as claimed in claim 1 . 
characterized in that said voltage means com- 

5 prises a diffusion resistance layer. 

5. The arrangement as claimed in claim 1 , 
characterized in that said voltage means com- 
prises a polycrystafline silicon resistance layer. 

6. The arrangement as claimed in claim 1 , 
characterized in that said voltage means com- 
prises an enhancement-type MOSFET. 

7. An overheating detection arrangement for de- 
tecting overheating of a power integrated cir- 
cuit, characterized by including: 

a power device integrated in a semicon- 
ductor substrate; and 

an overheating detection circuit compris- 
ing: 

first and second temperature detecting cir- 
cuits, said first temperature detecting circuit 
having a first temperature threshold and said^\ 
second temperature detecting circuit having a 
second temperature threshold lower than the 
first temperature threshold, each of said first 
and second temperature detecting circuits in- 
cluding: 

a reverse biased pn junction formed in the 
same semiconductor substrate as said power 
device and having a reverse leakage current 
flow which is temperature dependent; 

voltage means formed in the same semi- 
conductor substrate as said power device and - 
coupled to said pn junction for producing a 
voltage proportional to the reverse leakage cur- 
rent flow; and 

threshold means connected to said voltage 
means for receiving the proportional voltage 
and producing a signal when the proportional 
voltage exceeds a threshold voltage corre- 
sponding to the respective threshold tempera- 
ture; and 

hysteresis means receiving the signals 
produced by the respective threshold means of 
said first and second temperature detecting 
circuits for producing an overheating signal in 
response to the signal from the threshold 
means of said first temperature detecting cir- 
cuit indicating that said power device is over- 
heated and continuing to produce the over- 
heating signal until the signal from the thresh- 
old means of said second temperature detect- 
ing circuit is discontinued. 

8. The arrangement as claimed in claim 7, 
characterized in that said semiconductor sub- 



It will be understood that the above description io 
of the present invention is susceptible to various 
modifications, changes and adaptations, and the 
same are intended to be comprehended within the 
meaning and range of equivalents of the appended 
claims. * 75 

The present invention has been described in 
detail with respect to preferred embodiments, and 
it will now be apparent from the foregoing to those 
skilled in the art that changes and modifications 
may be made without departing from the invention 20 
in its broader aspects, and it is the invention, 
therefore, in the appended claims to cover all such 
changes and modifications as fall within the true 
spirit of the invention. 

25 

Claims 

1. An overheating detection arrangement for de- 
tecting overheating of a power integrated cir- 
cuit, characterized by including: 30 

a power device integrated in a semicon- 
ductor substrate; and 

an overheating detection circuit, including: 

a reverse biased pn junction formed in the 
same semiconductor substrate as said power 35 
device and having a reverse leakage current 
flow which is temperature dependent; 

voltage means formed in said semiconduc- 
tor substrate as said power device and coup- 
led to said pn junction for producing a voltage 40 
proportional to the reverse leakage current 
flow; and 

threshold means connected for receiving 
the proportional voltage and producing a signal 

when the proportional voltage exceeds a 45 
threshold voltage to indicate that said power 
device is overheated. 

2. The arrangement as claimed in claim 1 , 
characterized in that said semiconductor sub- so 
strate includes a low impurity concentration 
layer on one side of said pn junction which has 
an impurity concentration of not less than 5 x 
10^3/cm2 



9 
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strate includes a low impurity concentration 
layer on one side of each said pn junction 
which has an impurity concentration of not less 
than 5 x lO'^/cm^. 

5 

9. The arrangement as claimed in claim 7, 

characterized in that each said voltage means 
comprises a depletion-type MOSFET connect- 
ed for receiving a constant current. 

10 

10- The arrangement as claimed in claim 7, 

characterized in that each said voltage means 
comprises a diffusion resistance layer. 

11, The arrangement as claimed in claim 7, 75 
characterized in that each said voltage means 
comprises a polycrystalline silicon resistance 
layer. 

12. The arrangement as claimed in claim 7. zo 
characterized in that each said voltage means 
comprises an enhancement-type MOSFET. 
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